We study the energy correlation of charged leptons produced in the decay of a heavy Higgs particle
Introduction
We wish to report results on the energy spectrum and energy correlation of charged leptons produced in the reactions
The above decays represent interesting leptonic signals of a heavy Higgs particle, that can be used to test the structure of Higgs couplings to fermions and gauge bosons [1] . (Note that the reaction (2) , in the standard model, is about 27 times more frequent than the "gold-plated" reaction H → ZZ → µ + µ − µ + µ − ). We carry out the analysis in a general framework in which the couplings of the H to tt and to W + W − are given by:
Here p W + and p W − are the 4-momenta of the W -bosons. The terms proportional to b and D may arise as primary or induced effects in a generalized Higgs framework.
Simultaneous presence of a and b or B and D is CP -violating [2] . Results will be obtained for the energy correlation of the two charged leptons in the H rest frame. A special result is a simple criterion for distinguishing a scalar Higgs from a pseudoscalar Higgs particle on the basis of the energy spectrum of any single charged
H → tt
The vertex Htt (Eq. (3)) gives rise to the following differential decay rate for
where P ≡ p t + pt, Q = p t − pt, and s + and s − denote the polarization vectors of t andt, respectively. (6) where x and x are the reduced energies
E(l + ) and E(l − ) being the energies of the final leptons l + and l − in the Higgs rest frame. x and x are bounded by
assuming the narrow width approximation for the W -bosons in the top decay. The functions f and g are defined as follows (see [4] ):
where the intervals I i are given by:
with the intervals I i :
and
The normalizations of f and g are
The functions f and g represent the spin-independent and spin-dependent parts of the lepton spectrum in t-decay. Eq. (6) can also be written as
where
(12) S t (x, x ) and A t (x, x ) represent the symmetric and antisymmetric part of the energy correlation. These are plotted in Figs. (1a) and (1b) .
The symmetric (CP -conserving) part of the two-dimensional distribution 1 Γ dΓ dxdx does not depend on the coupling constants a and b. This means that in the CPconserving limit the energy correlation of secondary leptons arising from H → tt is independent of the CP -parity of the decaying Higgs particle.
Integration over x or x yields the single lepton energy spectra
Eq. (13) agrees with the energy spectrum obtained by Chang and Keung [5] using a different method. The single energy spectra are plotted in Fig. 2 . The parameter ∆ is calculated within a 2-Higgs Doublet Model in Refs. [5, 6] .
The differential decay rate for the reactionH(P )
arising from the HW + W − vertex given in Eq. (4), is
The Lorentz invariant phase space is given by
In the massless fermion approximation,
while D W is the propagator factor
with
In the narrow width approximation, the total decay rate is given by
in agreement with the result of Osland and Skjold [7] .
We now introduce scaled energy variables in the H rest frame:
which are bounded by
The two-dimensional spectrum in the variables y and y is then given by
Neglecting terms proportional to |D| 2 , the correlation can be written as
Here S W (y, y ) and A W (y, y ) represent the symmetric and antisymmetric parts of the energy correlation of the charged leptons, the latter being multiplied by the CP -violating coefficient Im(BD * )/|B| 2 . These functions are plotted in Figs. (3a) and (3b).
There is an interesting difference in the energy characteristics of the leptons 
These distributions are clearly quite distinct (Fig. 4) and provide a simple criterion for distinguishing 0 + and 0 − objects decaying into W + W − pairs. Indeed, the single lepton spectra (Eqs. (25), (26)) are also valid for the inclusive process 
